The incidence of drug-induced pancreatitis is rare. There have been several reports of acute pancreatitis as a complication in acute poisoning with drugs or toxins. We present a case of a young woman with acute pancreatitis secondary to an overdose of nifedipine and acetaminophen in a suicide attempt. We excluded other causes of acute pancreatitis by clinical history, serum toxicology, serology, and abdominal imaging. The most likely underlying pathophysiological mechanism was ischemic injury of the pancreas secondary to severe collapse induced by nifedipine and possible acetaminophen-induced direct pancreatotoxicity. The pancreatitis resolved with treatment that included continuous veno-venous haemofiltration in an intensive care unit. Emergency and intensive care units should be aware of this unusual complication of such poisoning. To our knowledge, this is the first reported association between massive nifedipine overdose and acute pancreatitis.
Introduction
Certain drugs have well documented associations with acute pancreatitis (AP). Case reports of drug-induced AP have been published that involved at least 40 of the top 200 most prescribed medications in 2007 [1] . Although calcium-channel blockers have been cited as the cause of drug-induced pancreatitis (DIP), nifedipine was not among them. Acetaminophen, on the other hand, has been cited in association with DIP (Table 1) , occurring in up to 36% of cases of severe paracetamol poisoning [2, 3] . We present a case of severe nifedipine and acetaminophen poisoning with prolonged collapse, complicated by acute pancreatitis and multiorgan failure, which responded to intensive treatment, including continuous veno-venous hemofiltration (CVVH).
Case Report
A 23-year-old woman presented 9 hours after ingesting approximately 300 tablets of 10-mg slow-release nifedipine (3 g, 60 mg/kg) and an unknown amount of acetaminophen in a suicide attempt. Her past medical history was unremarkable. At the time of presentation, she was awake, with tinnitus, nausea, palpitations, and chest tightness. Physical examination revealed pallor of the skin, cyanosis of the extremities, tachypnea (32 respirations per minute), and tachycardia (120 beats per minute), severe hypotension (blood pressure 60/40 mm Hg), and decreased bowel sounds. The electrocardiogram showed sinus tachycardia with normal intervals and a slight ST-T abnormality. Initial laboratory data and that obtained subsequently during Table 2 . Nifedipine plasma levels measured by gas chromatography 36 hours post-ingestion were 509 μg per liter, and the estimated peak level was up to 2,000 μg per liter (therapeutic range, 25 to 100). Acetaminophen levels 9 hours after ingestion were 184 μg per milliliter. The other results of toxicologic screening (including blood alcohol level) were negative. Ultrasound examination of the abdomen showed a nonhomogeneous, edematous pancreas, with no evidence of gallstones or biliarytree dilatation, obstruction, or both. An abdominal CT scan revealed an inflamed pancreas, but no evidence of necrosis. Endoscopic study was also normal. Serologic tests for hepatitis B, echovirus, parotiditis, and coxsackievirus showed no evidence of recent infection. Hypotension persisted despite treatment with gastric lavage, activated charcoal, aggressive hydration, intravenous calcium chloride, glucagon, and combination vasopressor therapy. Antidotal therapy for acetaminophen overdose consisted of N-acetylcysteine, with an initial loading dose of 150 mg per kilogram over a period of 15 minutes, followed by 50 mg per kilogram over a period of 4 hours, and then 100 mg per kilogram over the period of the next 16 hours (total dose, 300 mg/kg) [6] . Twenty-four hours after presentation, she was intubated for respiratory distress and altered mental status (Glasgow Coma Scale 8) and remained hypotensive and oliguric. She required vasopressors for the next 48 hours and respiratory support for the next 4 days. Supplemental oxygen was administered during the first 5 days, bedside oxygen saturation was monitored at frequent intervals, and blood gases were obtained when clinically indicated. CVVH was initiated within 48 hours after admission because of renal failure and metabolic acidosis (pH 7.16). Sepsis, hepatic cytolysis, and bilateral pleurisy delayed further recovery. Ten days following the drug ingestion, mentation and blood tests were normal, and she was discharged to an outside facility for rehabilitation.
Discussion
DIP is considered to be rare (2%), and to make the diagnosis, other possible causative factors must be ruled out [7] . This case shows an association between nifedipine and acetaminophen overdose and AP in a previously healthy young woman. The common causes of pancreatitis, such as gallstones, alcohol abuse, hypercalcemia, hypertriglyceridemia, viral infection and trauma, were excluded in this patient. A number of drugs, such as cardiovascular agents and anti-inflammatory analgesic agents can cause pancreatitis in adults [7] . Among calcium-channel blockers, only amlodipine has been associated with DIP [3] . The most important clinical effect of calcium-channel blockers is on cardiac myocytes, cardiac conductive tissue, vascular smooth muscle, and pancreatic beta cells; overdoses may result in hypotension, bradycardia, altered mental status, sinus arrest, various cardiac conduction delays, nausea, vomiting, and metabolic acidosis with hyperglycemia [8] .
Many of these features were seen in this patient. This patient, who had a massive overdose of nifedipine, which acts mostly on peripheral arterial smooth muscle, presented with marked hypotension and an elevated heart rate.
Cytochrome P-450 3A4 (CYP3A4) is responsible for the metabolism of numerous therapeutic agents, including nifedipine and acetaminophen. Experimental studies on drugs also metabolized by CYP3A4 have shown that acetaminophen inhibits metabolism of these drugs in a noncompetitive fashion [9] . On the other hand, studies on rat hepatocytes have demonstrated that under in vitro conditions, nifedipine pretreatment exhibits a preventive effect against acetaminopheninduced hepatocyte injury [10] . We may suppose that nifedipine protected our patient against acetaminopheninduced liver injury, although there are no clinical studies to demonstrate this effect in humans.
Pancreatic injury may result from splachnic hypoperfusion after circulatory shock [11] . Ischemic injury to the pancreas occurs in specific clinical settings, such as cardiopulmonary by-pass, surgery for thoraco-abdominal aneurysms, haemorrhagic shock, and transplantation of the pancreatic gland [12] .
Experimental studies have shown that ischemia may induce AP. Ischemia followed by reperfusion results in a breakdown of the microcirculation in the pancreas as in other organs, and it is considered to be a critical factor in the pathogenesis of AP [13] . Ischemic injury to the pancreas is one factor that contributes to increases in serum lipase and amylase in critically ill patients [11] . In our case, we believe that ischemia secondary to profound hypotension induced by massive nifedipine overdose contributed to the development of AP and elevation of serum pancreatic enzymes.
Paracetamol poisoning has mainly been associated with hepatotoxicity. Pancreatitis, cardiotoxicity, and haematotoxicity are among the more unusual complications of paracetamol poisoning. Hyperamylasaemia may simply reflect direct paracetamol-induced pancreatotoxicity resulting in predominantly subclinical pancreatic damage. A clinical diagnosis of AP is made in 14% of cases with paracetamol-associated hyperamylasaemia [14] .
In our case, the acetaminophen level was consistent with a mild form of poisoning and could have contributed to pancreatic injury produced by ischemia. We believe that the liver enzymes were increased in the setting of ischemic liver injury, not as a hepatotoxic effect of acetaminophen. Liver toxicity is defined as serum aspartate aminotransferase or alanine aminotransferase levels greater than 1000 IU per liter in acetaminophen poisoning [6] . In this case early initiation of antidotal therapy (9 hours after ingestion) could have contributed to low levels of aminotransferases.
For a diagnosis of AP, two of the following three features are required: 1) abdominal pain characteristic of acute pancreatitis; 2) serum amylase and/or lipase levels ≥ 3 times the upper limit of normal; 3) characteristic findings of AP on CT scans [15] . This case fulfilled all of these criteria. On the basis of tests on admission (APACHE-II score < 8 and serum hematocrit <44), our patient had mild AP.
Among the single-organ failures in AP, pulmonary failure is the most common in cases of severe AP [16] . Our patient had respiratory distress 24 hours after presentation, and she required intubation and mechanical ventilation for the next 4 days.
Early vigorous intravenous-fluid replacement is of foremost importance in AP for decreasing the hematocrit and restoring normal cardiocirculatory functions [17] . Our patient was admitted to an intensive care unit because of organ failure, oliguria, persistent tachycardia, and labored respiration. Treatment in this case consisted of supportive care including vigorous fluid resuscitation monitored by a progressive decrease in serum hematocrit at 12 and 24 hours. The patient in this case resumed oral nutrition within 5 days and did not require nutritional support.
Early preemptive application of CVVH in the treatment of severe AP can modulate systemic inflammatory response syndrome and consequently diminish the incidence of systemic complications [18] . We used CVVH in our case within 48 hours of admission, on the basis of the experience reported in renal failure, in severe acidosis, and in several cases of acute poisoning, including one with nifedipine [19] .
In summary, we initially documented a clinical case of acute mild pancreatitis. The patient had no previous medical history of and no risk factors for the development of AP. Immediately preceding the onset of this episode, she had taken a dose of nifedipine, 60 mg per kilogram, combined with an unknown amount of acetaminophen, which resulted in profound hypotension. We excluded other causes of AP by clinical history, serum toxicology, serology, and abdominal imaging. In the absence of rechallenge, we believe that toxic doses of nifedipine are prinicipally responsible for inducing AP by severe hypotension. We report this case because it has been found in some studies that high doses of nifedipine have had a beneficial effect on AP resulting from several causes [20, 21] .
To our knowledge, this is the first such case in the literature, and it reinforces the fact that drug-induced or aggravated AP is a problem of serious concern. 
